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[57] ABSTRACT 
An isolated region in which a MOS transistor and a 
capacitor are formed is surrounded by a groove. The 
groove includes ?rst and second region grooves. A ?rst 
insulating layer which separates the isolated region is 
provided on the inner surface of a predetermined lower 
portion of the ?rst region groove and on the inner sur 
face of the second region groove. A second insulating 
layer is provided on the inner surface of the remaining 
upper portion of the ?rst region groove. The ?rst insu 
lating layer is thinner than half the width of the groove 
and thicker than the ?rst insulating layer. A capacitor 
electrode is embedded in the ?rst and second region 
grooves. 
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SEMICONDUCTOR MEMORY DEVICE AND 
MANUFACTURING METHOD FOR THE SAlVlE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a semiconductor memory 

device having memory cells each formed of a MOS 
transistor and a capacitor, and a manufacturing method 
for the semiconductor memory device. 

2. Description of the related art including information 
disclosed under §§l.97-l.99: 
With recent MOS type DRAMs (Dynamic Random 

Access Memories) a great number of unit memory cells 
are integrated on a chip. Each unit memory cell is 
formed of a MOS transistor and a capacitor connected 
in series with the transistor. To increase the number of 
the unit memory cells to be integrated on a chip, it is 
desired that the area occupied by each memory cell be 
reduced. However, the reduction in the area occupied 
by the memory cell will lead to reduction in the capaci 
tance of the capacitor, thus lowering the reliability of 
the DRAM. For this reason various structures of the 
unit memory cell have heretofore been developed in 
order to reduce the area occupied by the unit memory 
cell without decreasing the capacitance of the capaci 
tor. ' 

A typical example of such unit memory cell struc 
tures is shown in FIG. 1. This unit memory cell is well 
\known as FCC (Folded Capacitor Cell) structure. 

In FIG. 1, a groove 2 is formed in a semiconductor 
substrate 1. In a memory cell forming region 3 sur 
rounded by groove 2, a MOS transistor is formed which 
has a source region, a drain region, a gate insulating 
layer 4, and a gate electrode 5. Groove 2 is comprised of 
a ?rst region groove and a second region groove. In the 
?rst region groove are formed a ?rst oxide layer 5 
adapted for electrically isolating memory cell forming 
region 3, and a second oxide layer 6 adapted for forming 
a capacitor. Second oxide layer 6 is formed to cover a 
_region 7 of an opposite conductivity type to substrate 1. 
Further, a capacitor electrode 8 is formed in the ?rst 
region groove to contact second oxide layer 6. First 
oxide layer 5 also is formed in the second region groove 
as shown. 
The above-mentioned structure of the unit memory 

cell has the following drawbacks. 
Since ?rst oxide layer 5 of the same thickness as the 

width of groove 2 is embedded in the lower portion of 
the ?rst region groove and in the second region groove, 
crystal defects will be caused in substrate 1 by stress 
resulting from a difference between thermal expansion 
coef?cients of substrate 1 and oxide layer 5. Further, 
during an etching process required to leave ?rst oxide 
layer 5 in the bottom portion of the ?rst region groove 
only, the width of the upper portion of the ?rst region 
groove will broaden. It is dif?cult, therefore, to leave 
?rst oxide layer 5 in the lower portion of the ?rst region 
groove. _ 

The crystal defects increase junction leaks, and the 
broadening of the groove width decreases the capacitor 
area, thus degrading the performance of the DRAM. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a folded 
capacitor cell capable of preventing the generation of - 
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2 
crystal defects in a substrate, and suppressing the broad 
ening of the width of a groove. 

It is another object of the invention to provide a 
manufacturing method of a folded capacitor cell capa 
ble of preventing the generation of crystal defects in a 
substrate, and suppressing the broadening of the width 
of a groove. 
A semiconductor memory device according to this 

invention comprises groove means formed in a semicon 
ductor substrate for separating one memory cell form 
ing region from another memory cell forming region, 
the memory cell comprising a MOS transistor formed in 
the memory cell forming region and a capacitor con 
nected in series to the MOS transistor. The groove 
means is composed of a ?rst groove in which a ?rst 
insulating layer for separating the memory cell forming 
region and a second insulating layer for forming the 
capacitor, and a second groove in which the ?rst insu 
lating layer is formed. The ?rst insulating layer has a 
thickness smaller than half the width of the groove, and 
the second insulating layer has a thickness smaller than 
that of; the ?rst insulating layer. The ?rst insulating 
layer in the ?rst groove is provided on the inner surface 
of a predetermined lower portion of the ?rst groove, 
and the second insulating layer is provided on the inner 
surface of the remaining upper portion of the ?rst 
groove. A capacitor electrode is provided in the ?rst 
groove through the ?rst and second insulating layers 
and in the second groove through the ?rst insulating 
layer. 
A manufacturing method according to this invention 

relates to a semiconductor memory device which com- i 
prises a groove formed in a semiconductor substrate for 
electrically separating one memory cell forming region 

/ from another memory cell forming region, the memory 
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cell comprising a MOS transistor formed in the memory 
cell forming region, and a capacitor connected in series 
to the MOS transistor. The groove includes a ?rst re 
gion groove in which the capacitor is formed and a 
second region groove for the electrical separation. 
The manufacturing method comprises the steps of 

forming the groove, forming a ?rst insulating layer on 
the entire inner surface of the groove; selectively etch 
ing the ?rst insulating layer provided on the inner sur 
face of a predetermined upper portion of the ?rst region 
groove for exposing the inner surface; forming a second 
insulating layer on the exposed inner surface of the ?rst 
region groove for forming the capacitor, the ?rst insu 
lating layer being thicker than the second insulating 
layer and thinner than half of the width of the groove; 
and filling a capacitor electrode into the ?rst region 
groove through the ?rst and second insulating layers 
and into the second region groove through the ?rst 
insulating layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view of a prior art folded 
capacitor cell; 
FIG. 2 is a top view of a semiconductor memory 

device according to an embodiment of this invention; 
FIG. 3 is a cross sectional view taken along a line 

A—A of FIG. 2; 
FIGS. 4A through 4G are cross sectional views use 

ful in explaining manufacturing processes of the mem 
ory device shown in FIG. 3; and 
FIG. 5 is a cross sectional view of a memory device 

according to another embodiment of this invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIGS. 2 and 3 show an embodiment in which a unit 
memory cell is fabricated by a MOS transistor and a 
capacitor. As shown in FIG. 3, a P type well 12 is 
formed on a P- type Si substrate 11. A memory cell 
forming region or island-like region 14 surrounded by a 
groove 13 is formed in P type well 12. Further, island 
like region 14, a MOS transistor which includes N+ 
type regions 15 and 16; a gate insulating layer 17; and a 
gate electrode 18, and an N- type region 19 connected 
to N+ type region 16, are formed in island-like region 
14. 
Groove 13 includes a ?rst region groove 13a and a 

second region groove 13b. A ?rst insulating layer 29 
whose thickness preferably ranges from 500 to 1,000 A 
is formed in the inner surface of a predetermined lower 
portion of the ?rst region groove. A“ second insulating 
layer 21 of a thickness of about 100 A is formed on the 
inner surface of the remaining upper portion of the ?rst 
region groove 30 and both ends of each island-like re 
gion 14. That is, second insulating layer 21 is respec 
tively formed on a part of upper surface and three side 
walls of each end of the island-like region 14, namely, 
between capacitor electrode 22 and island-like region 
14. The regions in which second insulating layer 21 are 
formed are shown by shaded regions in FIG. 2. Second 
insulating layer 21 is formed to be in contact with N 
type region 19. It should be noted that the thickness of 
?rst insulating layer 20 is less than half the width of 
groove 13. First insulating layer 20 is formed, as shown 
in FIG. 3, to a predetermined height above the bottom 
of groove 13. First insulating layer 20 is also formed on 
the inner surface of the second region groove. A capaci 
tor electrode 22 (preferably made of polysilicon) is 
embedded in the ?rst region groove along ?rst and 
second insulating layers 20 and 21. Capacitor electrode 
22 is also embedded in the second region groove along 
?rst insulating layer 20. 
An inter-insulating layer 24 is formed over the MOS 

transistor and capacitor electrode 22. A bit line 25 made 
of aluminum is formed on inter-insulating layer 24. The 
impurity concentration of substrate 11 is 2X1015 cm—3, 
and the impurity concentration of P type well 12 is 
1X 1017 cm-3. Capacitor electrode 22 is connected to a 
power source +2 V, and P type well 12 is connected to 
a power source —2 V. 
With reference to FIGS. 4A through 4G, the method 

for fabricating the semiconductor memory device 
shown in FIG. 3 will be described. 
As show in FIG. 4A, on the entire upper surface of P 

type well 12, located over P‘ Si substrate 11, are se 
quentially formed SiOz layer 26, SiN layer 27, and 
CVD-Si02 layer 28. Layers 26, 27, and 28 are selec 
tively etched in accordance with the areas in which 
groove 13 is to be formed, and N‘- type layer 19 is 
formed by a diffusion process. 

Next, as shown in FIG. 4B, by using S102 layer 26, 
SiN layer 27, and CVD SiO; layer 28 as a mask, P type 
well 12 is selectively etched to form groove 13. Subse 
quently, CVD-SiOz layer 28 is removed. As a result of 
the formation of groove 13, memory cell forming re 
gion 14 is formed in P type well 12. , 

Next, as shown in FIG. 4C, after ?rst insulating layer 
20 has been formed on the entire inner surface of groove 
13 by conventional CVD (Chemical Vapor Deposition) 
techniques or thermal oxide growth techniques, the 
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4 
entire top surface of the semiconductor structure is 
coated with a photoresist layer 30, so that groove 13 is 
?lled with the photoresist. Thereafter, the surface of 
photoresist layer 30 is made ?at. As the photoresist, 
OFPR 800Hs (trade name) can be used. 

Next, as shown in FIG. 4D, the entire surface of the 
semiconductor structure is sequentially coated with an 
SOG (Spin On Glass) layer 31 and a photoresist layer 
32, and then the portions of layers 31 and 32 that located 
over n- layer 19 are removed. Subsequently, by using 
the remaining SOG layer as a mask, a portion of photo 
resist layer 30 is etched away so that photoresist layer 
30 remains in the bottom portion of groove 13 at a v 
desired thickness, as shown in FIG. 4E. In the next step, 
with the remaining photoresist layer 30 in the bottom 
portion of groove 13 being used as a mask, ?rst insulat 
ing layer 20 on the inner surface of the upper portion of 
groove 13 is etched away by ammonium ?uoride solu 
tion so that first insulating layer 20 remains on the inner 
surface of the lower portion of groove 13. To carry out 
the selective etching of photoresist layer 30, the RIE 
(reaction ion etching; pressure 10 Pa, 02 gas atmo 
sphere, power 300 W) technique using 02 as etching gas 
can be used. 

Next, SOG layer 31 is removed, and then photoresist 
layer 30 is removed by ashing technique using 02 gas. 
Subsequently, as shown in FIG. 4F, AsSG layer (sili 
cate glass containing As) 34 is deposited onto the entire 
upper surface of the semiconductor structure. The in 
termediate semiconductor product as shown in FIG. 4F 
is next subjected to heat treatment to form an N‘ type 
layer 19 into the inner surface region of the upper por 
tion of groove 13 by diffusion of As contained in AsSG 
layer 34 thereinto. 

After the removal of AsSG layer 34, SiN layer 27, 
and SiOz layer 26, an SiOz layer (second insulating 
layer) 21 is thermally grown to a thickness of 100 A as 
shown in FIG. 4G. Further, a polysilicon layer is depos 
ited over the entire upper surface using the CVD tech 
nique, and the deposited polysilicon layer is patterned 
so that the polysilicon layer remains only in the upper 
portion of the groove of the capacitor forming region. 

After the step shown in FIG. 4G has been completed, 
gate insulator 17, gate electrode 18, N+ regions 16 and 
15 for the source and drain are formed to fabricate the 
MOS transistor as shown in FIG. 3 in accordance with 
conventional processes. Subsequently, insulating layer 
24, and aluminum wiring 25 adapted for a bit line are 
formed. 
According to the embodiment of FIG. 3, capacitor 

electrode 22 formed of polysilicon is embedded in 
groove 13 through thin ?rst and second insulating lay 
ers 20 and 21 or ?rst insulating layer 20. Since the coef 
?cients of thermal expansion of polysilicon and sub 
strate or P well 12 approximate to each other, it is possi 
ble to prevent crystal defects which would occur in the 
substrate if there is a difference between the thermal 
expansion coef?cients. Sinpe ?rst insulating layer 20 has 
a thickness of 500~ 1,000 A, which is relatively thick, it 
is possible to successfully electrically separate memory 
cell forming region 14. Fprther, second insulating layer 
21 has a thickness of 100 A, which is suf?ciently thin, so 
that the capacitance of the capacitor increases. Further, 
unlike the prior art shown in FIG. 1, it is unnecessary to 
etch the Si02 layer in the capacitor forming groove, 
thus preventing broadening of the groove width. Ac 
cordingly, the memory cells of DRAM can be inte 
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grated in high density, and the reliability of the memory 
cells can be elevated. 

Referring now to FIG. 5 another embodiment of this 
invention will be described. This embodiment can be 
realized when groove 13 is formed in P- type substrate 
11, not in the P type well. 

In the embodiment of FIG. 5, ?rst insulating layer 20 
is formed to a thickness of 2,000~3,000 A. With this 
embodiment, when ?rst insulatipg layer is formed to 
have a thickness of 500 to 1,000 A, it is only required to 
decrease a potential difference between the capacitor 
and the substrate under the condition that substrate 11 is 
supplied with a potential of 0 V. 

In FIG. 3, second insulating layer 21 can be replaced 
by a three-layer structure of SiO2-Si3N4-SiO2 to in 
crease the capacitance of the capacitor. 
With the embodiment shown in FIGS. 4A to 4G, 

although SOG layer 31 (FIG. 4D) is used as a mask to 
etch photoresist 30 using the OZRIE technique, a differ 
ent type of photoresist may be used instead of SOG 
layer 31. For example, PMMA (polymethyl methacry 
late) resist may be used as resist 30 to be embedded in 
groove 13, and RDZOOON (trade name) may be used 
instead of SOG layer 31. This RDZOOON is exposed to 
light of a wavelength of 330 nm to which the PMMA 
resist is not sensitive, and then developed to obtain a 
patterned mask. By using the patterned mask and the 
etching selectivity of the OZRIE technique the PMMA 
resist can be left only in the bottomportion of groove 13 
as in FIG. 4B. According to this method resist layer 32 
of FIG. 4D is unnecessary. 

Alternatively, instead of using the OZRIE technique, 
by exposing the PMMA resist to light of a wavelength 
of 220 nm and developing the resist to a desired depth 
using the patterned mask, the PMMA resist can be left 
in the bottom portion of groove 13. 

In the embodiment of FIGS. 4A to 46, during the 
steps of FIGS. 4D and 4E for embedding resist 30 in 
groove 13 and etching the resist so that a portion 
thereof remains in the bottom portion of groove 13, 
SiO; layer 26 and SiN layer 27 serve as protective layers 
for the surface of substrate 12. Alternatively, a CVD 
SiOz layer may be deposited over SiN layer 27 to form 
a composite protective layer of S102 (26)-SiN (27) 
CVD-SiOz layer. Further, a polysilicon layer may be 
provided between SiOz layer 26 and SiN layer 27 so that 
a composite protective layer of SiO2-polysilicon-SiN 
CVD-SiOg is formed. Alternatively, SiN or SiOg layer 
may be used as a single protective layer. 
The composite protective layer of SlOZ-SlN-CVD 

SiOz can be formed by depositing suf?ciently thick 
CVD-SiOz layer 28 (shown in FIG. 4A) over SiN layer 
27. The composite protective layer of SiO2-polysilicon 
SiN-CVD-SiOz can be formed in a similar way. For the 
single protective layer of SiN or SiOz, it is only required 
that each of layers 26, 27, and 28 of FIG. 4A be grown 
to a desired thickness. 

In the embodiment of FIGS. 4A to 4B, an SiOz layer 
is used as ?rst insulating layer 20, which is formed by 
the thermal oxidation technique, or CVD technique. 
Or, a composite layer of SiOZ-SiN, a composite layer of 
SiOz-SiN -SiO1, or a composite layer of SiO2-polysilicon 
(undoped or P as As doped polysilicon) -Si02 may be 
used instead. 

The polysilicon layer serving as capacitor electrode 
22 may be a single layer. Alternatively, a two-layer 
structure having an SiOz layer embedded in that portion 
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of polysilicon layer 22 which is represented by dotted 
lines 35 in FIG. 4G. 
With the embodiment of FIGS. 4A to 4G, N-region 

19 in the inner surface region of the capacitor forming 
groove is formed by an operation of impurity diffusion 
carried out through AsSG layer 34. Alternatively, the 
N- type region may be formed by an operation of im 
purity diffusion through PSG or ion implantation. Fur 
ther, with the embodiments, N- type region 19 facing 
capacitor electrode 22 is also formed in the peripheral 
region around the top of groove 13. Alternatively, the 
N- type region may be formed in the inner surface 
region of groove 13 only. 
What is claimed is: 
1. A semiconductor memory device comprising 

groove means formed in a semiconductor substrate for 
separating one memory cell-forming region from an 
other, .said memory cell comprising a MOS transistor 
formed in said memory cell-forming region and a capac 
itor connected in series to said MOS transistor, and said 
groove means including a ?rst groove in which a ?rst 
insulating layer for separating said memory cell-form 
ing region and a second insulating layer for forming said 

' capacitor are formed, and a second groove in which 
25 
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said ?rst insulating layer is formed; wherein 
said ?rst insulating layer in said ?rst groove is formed 
on the inner surface of a predetermined lower por 
tion of said ?rst groove and has a thickness which 
is less than half the width of said ?rst groove, said 
second insulating layer has a thickness which is less 
than that of said ?rst insulating layer, 

said second insulating layer in said ?rst groove is 
provided on the inner surface of the remaining 
upper portion of said ?rst groove, and 

a capacitor electrode is made of semiconductor mate: 
rial provided in said ?rst groove along said ?rst and 
second insulating layers and in said second groove, 
along said ?rst insulating layer. 

2. A semiconductor memory device according to 
claim 1, wherein said semiconductor substrate is made 
of silicon and said capacitor electrode is made of 
polysilicon. 

3. A semiconductor memory device comprising 
groove means formed in a semiconductor substrate of a 
?rst conductive type for electrically separating one 
memory cell-forming region from another, said mem 
ory cell comprising a MOS transistor formed in said 
memory cell-forming region and a capacitor connected 
in series to said MOS transistor, and said groove means 
including a capacitor forming groove in which said 
capacitor is formed, wherein 

said capacitor forming groove includes a ?rst insulat 
ing layer provided on the inner surface of a prede 
termined lower portion of said capacitor forming 
groove, and a second insulating layer provided on 
the inner surface of the remaining upper portion of 
said capacitor forming groove of a second conduc 
tivity type, i 

said ?rst insulating layer has a thickness which is less 
than half the width of said capacitor forming 
groove, providing a recess in said lower portion of 
said capacitor forming groove, and said ?rst insu 
lating layer being thicker than that of said second 
insulating layer, and 

a capacitor electrode made of semiconductor material 
is provided in said capacitor forming groove along 
said ?rst and second insulating layers. 
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